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N O T E S ON R E S I S T A N C E OF G A S - P I P E G R O U N D S 

BY J . L . R. H A Y D E N 

Earth connections in electric circuits are frequently made by 
driving a gas pipe into the ground. Such grounds are of fairly 
high resistance, and therefore not permissible where a low resist
ance ground is required. Their great simplicity and cheapness 
makes them desirable, wheie very low ground resistance is not 
necessary, as for discharging static charges, eai thing overhead 
ground-wires, etc. To get data on the resistance offered by such 
gas pipe grounds, their permanence, and the variation of the 
resistance with the seasons, an investigation was started two 
years ago. 

Three gas pipes of 2.5 in. diameter were driven into the ground 
at distances of 15.75 ft. between I and I I , and 7.4 ft. between 
II and I I I , in the lawn adjacent to Dr. Steinmetz's laboratory. 
The soil is a clay loam, overlaying shale rock a few feet below 
the surface. The pipes are driven into the following depth: 

I. 3.75 ft. 
I I . 2.75 " 

I I I . 3.10 " 
The resistance of the three grounds was measured with an alter-, 

nating 60-cycle current of 120 volts, and as return ground was used 
the system of the city water pipes. This return ground showed 
to be less than 0.01 ohms. It was therefore neglected. 

Readings were taken at irregular intervals from August 1905 
to August 1906, and daily from September 1, 1906 to date : during 
fall and spring, morning and evening readings were taken to see 
whether the daily temperature variation had any effects. These 
however, were found so small that in the attached curves the daily 
average has been used. 
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Fig. 1 shows the variation of the three ground resistances during 
the whole period, and Figs. 2 and 3 the variation from September 
1906 to date, in larger scale, so as to show the daily values. . The 

values are given in amperes at 120 volts 60 cycles, and so are 
pioportional to the conductivity. 

The lower curve gives the daily average of temperature, and 
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F I G . 2 

at rain fall, and the gradual decrease during the following dry 
period. The maximum of conductivity occurs in Ju ly and 
August. This was rather unexpected, since the wet season is 

the rain fall, the height of the black line giving approximately 
the intensity of the rain fall. 

The curves show very plainly the sudden rise of conductivity 
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The minimum of conductivity is towards the end of March. 
Since thunder stoims occasionally occur before this period, 
this feature requires serious consideration. So far the values of 

in spring. It' seems that the increase of.conductivity of the 
moisture at high summer temperature amounts to more than 
the increase of moisture during the wet but cooler spring season. 
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the present year approximately repeat last year 's record, except 
in winter: during the last winter the conductivity decreased 
to very much lower values than in the previous winter. Whether 
this was due to the greater severity of the last winter, must 
remain for further investigation. 

Interesting is the great difference between the three grounds 
although closely adjacent to another. Ground I shows the 
effect of rain fall and dry periods very much more than I I and 
I I I . I I and I I I during summer are very closely the same, while 
I has a considerably higher conductivity, about 3 0 % . From 
October onward the conductivity s^oes down, and towards the 
end of December, I I and I I I , which until then were very closely 
alike, begin to differ; I I I decreasing much more rapidly, to a 
minimum in March, of less than 0.5 amperes or less than one-sixth · 
of the summer value, while I I reaches a minimum of 1.15 am
peres or about one-third of the summer value, and I, which has 
been of higher conductivity during summer, falls below II towards 
the end of January , reaching a minimum of 0.9 amperes. Towards 
the end of March all three grounds rapidly rise in conductivity, 
with the spring thaw, in the beginning of April I I and I I I are 
again alike, and I of higher conductivity than the other two. 

It seems herefrom that such gas-pipe grounds are permanent 
a t least for some years, but show a marked annual variation, 
the conductivity greatly decreasing during winter. But , against 
expectations, even at the winter minimum, a very appreciable 
conductivity is left. The most important conclusien is, however, 
that such grounds show very great individual difference in their 
annual variation, even when closely adjacent to each other. 
This matter requires a further and more extended investigation, 
which, has been started and will be reported upon at a future 
time. 

An interesting and useful feature observed was that by the 
passage of an alternating current through the pipe into the 
ground, the conductivity gradually increased, for instance: 

Circuit closed at noon: 
0 hours after: 3.40 amperes at 120 volts 
7 " " 3 .90 
9 " " 4 .33 

22 " " 4 .42 
43 " " 4 .50 
52 " " 4 .69 
75 " " 4 .78 

103 " " 4 .74 
120 " " 4 .73 
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Circuit opened at noon: 
0 hours after: 4 .73 amperes at 120 volts. 
7 " " 4 .02 

23 " " 3 .62 

A P P E N D I X 

As the daily measurements of the gas-pipe grounds have been 
continued during the time which has elapsed since-the reading 
of the above paper, in Fig. 4, the record of Fig. 1 is continued 
to the middle of February 1908. As seen, the curves in Fig. 4 
show the same characteristics and the same values as in Fig. 1: 

F I G . 4 

I gives a higher summer maximum, and a far greater variation 
of the conductance with the rainfall; I I and I I I are practically 
alike until the arrival of very cold weather, which this year 
occurred at the end of January, when I I I went far down below 
II in conductance, just as it did in former years. 

I t seems, herefrom, that at least during the period of observa
tion, of nearly three years, the gas-pipe grounds showred no 
permanent change, but merely periodic variations with the 
seasons of the year. 
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D I S C U S S I O N O N " N O T E S O N R E S I S T A N C E O F G A S - P I P E 

G R O U N D S " A T N I A G A R A F A L L S , Ν . Y . , J U N E 2 6 , 1 9 0 7 
{Subject to final revision jor the Transactions.') 

Chas. P. Steinmetz: It seems that the continuous passage 
of an alternating current through such a gas pipe to the ground 
increases the conductivity. This test of increase of conductivity 
was made in the summer time. I t stands to reason that 
^during winter the increase will be very much more because 
of the melting ice. The curves given in the paper show 
interestingly how towards the winter the conductivity gradually 
falls and reaches the minimum towards the end of March and 
then very suddenly jumps up. It also shows many times after 
a rainfall a sudden rise of current which gradually fades out, 
and how all three grounds go together until the end of the year 
and then the one current becomes very small, while the other is 
still high, and the low resistance ground has reached a higher 
resistance than one of the high resistance grounds. 

This is only a preliminary report, but it is interesting to know 
that such a gas-pipe ground, which has been called bad names 
for a long time, seems to remain a ground even in winter when 
everything is frozen, even if it does not come below the frost 
line. It is naturally not good enough to discharge a large cur
rent, but is good enough to dissipate all electrostatic discharges 
which may accumulate in the line. It remains to be investi
gated whether grounds in different places, different soils, etc. 
may not give still greater values and show different results. 

Ralph D. Mershon: Why not extend these investigations 
to other forms of ground ? Why not compare pipes with some 
of the other forms of ground. 

Chas. P. Steinmetz: That is what Mr. Hay den is arranging 
to do, to start an investigation on a larger scale. There ha\ f e 
been a number of suggestions already made, in connection with 
gas-pipe grounds, of filling the hole up with coke and salt and 
other materials. It remains to be investigated, whether there 
is any benefit in digging a hole and filling it with coke, or whether 
driving a pipe into the ground is not nearly as good. Another 
question is as to how the character of the surroundings affect 
the ground, whether to drive the ground pipe in the middle of 
a road, or to drive it under trees. We are putting down a large 
number of these gas pipes scattered over the college grounds at 
Schenectady, and expect to get further results from these tests. 

F. Β. H. Paine: Do I understand that the gas pipe introduced 
farthest into the earth has the least resistance? 

Chas. P. Steinmetz: The least resistance, or highest conduc
tivity in summer, but in winter it falls in conductivity below the 
one which was less deep. The shallowest one showed the best 
conductivity in winter, more than twice the conductivity of the 
other one, which was a little deeper, and nearly twice the con
ductivity of the one which was deepest. We measured at lower 
voltages by putting high resistance in series; instead of 1 2 0 volts, 
4 0 or 5 0 volts gave the same resistance. 
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P. H. Thomas: If you had 100 amperes it might be different? 
Chas. P. Steinmetz: The resistance would probably go down, 

due to the heating, and so it would show the time effect. Perhaps 
with high voltages and extremely large currents, but with a 
range of 120 volts or less, the resistance would be constant. 

Ralph D. Mershon: We made a somewhat similar investiga
tion. The railway companies were very particular about having 
our structures grounded near the tracks, and they designed some 
elaborate grounds, groups of steel rails surrounded with coke. 
Mr. Nicholson made some measurements on the concrete tower 
foundations and also the resistance, of some of these grounds. 
First he tried to use a Wheatstone bridge, but the stray cur
rents from different places in the country bothered him. Then 
he used a modified Wheatstone arrangement in which you make 
use of the stray current to measure the resistance. He got 
results which were concordant, but he found that with a volt
meter he could always get a voltage sometimes in one direction 
and sometimes in the other, between the tower and a pipe driven 
in the ground. Then he drove two exactly similar pipes in the 
ground, to the same depth, and got a voltage between them. 
Then he put two pipes in a barrel of water and got a voltage be
tween, and he found he could reverse the voltage by the amount 
of immersion of the pipe. 

F. Β. H. Paine: It is my recollection that the same founda
tion resistances were measured at different times in the year, 
but certainly during the summer and fall, but I think later on 
in the winter the variation in resistance was so slight as to be 
comparatively negligible: it varied between 7 and 10, and 7 
and 12 ohms, at different times of the year, the same founda
tion, not more than that. 

N. J . Neall: What is the ohmic resistance of the concrete 
foundations under the tower? 

Ralph D. Mershon: The highest is 20 ohms, and the lowest 
is 3 ohms from the tower to the ground. These values were 
got by measuring the resistance between the two adjacent 
towers and assuming that half the resistance was in each one. 
I think there is room for further investigation in regard to these 
grounds, not only as to the ohmic resistance, but as to the part 
they play in case of surges. 

Chas. P. Steinmetz: We are going to try to measure not only 
with 60-cycle current, but also with the high frequency current, 
100 000 cycles. 

Ralph D. Mershon: I got one railway company to allow 
me to dig a trench and put in a strip of copper—they finally 
agreed to let me put in galvanized iron—with some coke around 
it to make a good contact with the ground. 

Chas. P. Steinmetz: Mr. E . J . Berg some years ago proposed 
to run a shallow ditch along the line and run an underground wire 
in the ditch and connect that up with the overhead ground wire 
and use it as an energy dissipating wire, instead of the ground. 


